Available online: 06.09.2019 Purpose of this study is to determine learning approaches of prospective mathematics teachers throughout the education process as well as their opinions about mathematical proof and metacognitive awareness in this process and to establish the relationship between these three variables. The study focused on 50 prospective mathematics teachers who are senior students. We used a survey to collect data about the prospective teachers' learning approaches, opinions about mathematical proof and metacognitive awareness. The collected data was analyzed with SPSS statistical programmed. The study concluded that learning approaches of the prospective mathematics teachers are at an intermediate level; their opinions about mathematical proof and metacognitive awareness are at a high level. It is concluded that there is a positive and significant relationship between opinions about mathematical prof and metacognitive awareness and there is a reserve and negative relationship between opinions about mathematical proof, metacognitive awareness and learning approaches.
Introduction
The key qualification that separates people from other living creatures is the people's ability of reasoning (Umay, 2003) . Umay & Kaf (2005) define reasoning as the process of thinking by considering all factors and coming to a rationalist conclusion. Reasoning includes speaking, thinking and acting methods that establish mathematical precision and support the goal sought. In other words, mathematical thinking guides students for achieving formal proofs (Edwars, 1997 : cited by Albayrak Bahtiyari, 2010 . In mathematics, reasoning manifests itself as proving, a sub and further specialized concept of reasoning (Arslan, 2007) . The mathematical proof does not only verify accuracy of mathematical statement but also explains why it is accurate (Hanna, 2000) . International Online Journal of Educational Sciences, 2019, 11 (4) , 83-94 84 The primary purposes of mathematical education highlights importance of mathematical proof process aiming at mathematical thinking skills of the students, such as training individuals who can syllogize about logical induction and deduction (Albayrak Bahtiyari, 2010) . According to the National Council of Teachers of Mathematics (NCTM) (2000) , reasoning and proof are competences that should be taught to the students during mathematical education and it argues that these competences might be improved at all levels from preschool to high school with a wide range of activities and classroom debates. However, the key of such activities is the teacher's behaviors in the classroom. If a teacher solves the problems in a classroom, this might lead to inactive students who do not think about accuracy, unity or plurality of the solution (Forman et. al, 1998) . The primary school students, in particular, do not question accuracy of the teacher's statements. Hence, the teachers should support their students in the process of reasoning, rationalizing and proofs . In this context, the proof levels of prospective mathematics teachers and their perception and opinions about this subject are influential on mathematical developments of their students.
The opinion about proof will manifest itself through the classroom activities and thus impact the students when they become teachers.
Although the mathematical proof is a key element of mathematical education, making a mathematical statement is difficulty for students at any level and prospective mathematics teachers (Arslan 2007; Aydoğdu et. al, 2003) . Then studies discussing the causes of such challenges divided such challenges into two groups: cognitive and emotional. The cognitive challenges experienced by the students in the proving process are failure to express definitions, failure to understand their meanings intuitively, failure to understand mathematical language and notations and insufficient information about necessity to start proving (Moore, 1994) . In the conventional classrooms, mathematics is often discussed generally and the teachers directly present the proofs without giving an opportunity to their students so that they might come up with such proofs. In this case, the students are not involved in the knowledge creation process and become only passive receivers of information. However, proofs and theorems are products of human activities and they are integral parts of doing mathematics. Thus, assisting students in the process conceptualizing mathematical defense is advised (Harel & Sowder, 1998) because students who conceptualize and use defense will start to come up with and use own proofs. Accordingly, the teachers' perceptions, experiences and skills regarding proof have impact on the students' processes of gaining proof skills. Thus, teachers must know the source of concept they will teach and the mathematical knowledge or principle basis to such concept so that they can carry on mathematics courses effectively. This is why the teachers must be qualified in finding mathematical proof (Moralı et. al, 2006) . In order to assure this qualification, you must start proof activities at younger ages (Szombathelyi & Szarvas, 1998) and new mathematical knowledge must be built on informal information of the students (Ginsburg & Seo, 1999) .
The process of mathematical proof includes cognitive activities. According to NCTM (2000) , making mathematical proof is a cognitive habit. These cognitive activities and habits contribute to the development of cognitive skills but the development of this skill does not just depend on proof competence. There are other factors having impact of a student's cognitive skills and development; this is why other factors must be discussed as well. The learning approach adopted by the students is one of these other factors.
The learning approaches of student have key role in determining the conclusion of any educational study (Abraham et. al, 2008) . The learning approach adopted by the students determines the quantity and quality of learning. The learning approach includes the motivation encouraging students to achieve the desired learning results and the strategies of succeeding the learning goals (Biggs et. al, 2001) . It is argued that learning concept and personal characteristics impact the learning approaches. A teacher's attitude towards the students, teaching and assessment methods used, clear goals and standards, professional competency, Güneş Yavuz 85 pressure and work load factors might be discussed under the learning concept category. Focus of control orientation, self-talent, level of interest in and readiness for a subject to be learned are the personal characteristics of the students. Biggs believes that each student has a preferred learning orientation and argues that this orientation depends on the students' perception of learning environment and interpretation of various components shaping it (Batı et. al, 2010) . Biggs et al, (2001) discuss the learning approaches in two categories; surface and deep. The surface learning approach is defined as students memorizing the information so that they can learn it in a short period of time and the deep learning approach is described as the profound effort of learning. The educators are responsible for selecting, designing the learning experiences that will improve the critical thinking skills with proper methods allowing student to embrace a deep approach and for assisting the development of these students. When considered from this point of view, the learning approaches remind us the metacognitive concept including knowledge about thinking.
"Metacognitive" concept, a matter closely associated with the learning approaches, was first used in 1976 by Flavell and our country has been discussing and identifying this concept since the 2000s. As seen in the body of literature, concepts such as "meta cognition" and "executive cognition" are commonly used instead of the word metacognitive. According to the generally recognized brief description of the concept, metacognitive means the process of learning the self-learning methods (Çakıroğlu, 2007) . Knowledge of cognition refers to what individuals know that cognition and organization of cognition includes a wide range of metacognitive activities that help an individual to control learning or thinking and that have dual relationship (Akın et al., 2007) . The thinking and controlled thinking activities categorized under organization of cognition might be considered as an indication of the relationship between metacognitive and proof.
In this context, mathematics teachers' opinions about mathematical proof must be discussed so that they use metacognitive strategy to raise individuals who have metacognitive awareness and who are successful in learning mathematics, a key to mental development. Furthermore, the body of literature has several studies about metacognition but we have not seen any research on metacognitive awareness, mathematical proof and learning approaches. In the light of these concepts, the need to identify metacognitive awareness of the prospective mathematics teachers and their opinions about mathematical proof and learning approaches and the need to analyze their interrelation emerged so that these teachers can raise individuals who have advanced sense of reasoning and who are capable of easily solving the everyday problems. This study aims to raise awareness of the future mathematics teachers about these concepts and shed a light on the education-learning process of the future generations by organizing classroom activities.
Purpose of Study
The purpose of this study is to determine learning approaches of prospective mathematics teachers throughout the education process as well as their opinions about mathematical proof and metacognitive awareness in this process and to establish the relationship between these three variables. In line with this goal,
we tried to answer the following questions: 1-What is the level of prospective mathematics teachers' learning approaches? 2-What is the level of prospective mathematics teachers' opinions about mathematical proof? 3-What is the level of prospective mathematics teachers' metacognitive awareness? 4-What is the relationship between prospective mathematics teachers' learning approaches, metacognitive awareness and opinions about mathematical proof?
Method
The survey model was used for this research. The survey models cover descriptive works performed on the complete target population or a group, sample or sampling representing this target population for International Online Journal of Educational Sciences, 2019, 11 (4), 83-94 86 identifying a currently existing condition through a general judgment about the target population including a large number of people (Karasar, 2002) . The sample group of the study includes 50 prospective mathematics teachers who are the senior students of a faculty of education in a state university.
"Learning Approaches Scale" transcribed and customized in Turkish by Batı et al. (2009) was used in this study to determine the learning approaches of the prospective mathematics teachers. The purpose of research made by Batı et al, (2009) was to transcribe and customize the new format of learning approaches scale prepared by Biggs et al (2001) in Turkish and to analyze relevance and reliability of the scale. The scale of total 20 items is a 5-point Likert type scale. In analysis of the scale, higher point average is interpreted as high and positive level of learning approaches adopted by the prospective mathematics teachers. The scale has two dimensions; deep and surface approach. There are 10 items regarding the deep approach and 10 items regarding the surface approach. The scoring is from 1 to 5, negative to positive and the total point range for each approach is between 10 to 50 points. In this study, Cronbach reliability coefficient was calculated as 0.82 for the measurements obtained from the evaluation instruments of learning approaches. Before analyzing the collected data, we reviewed skewness and kurtosis values in normality analysis. The coefficient of skewness is 0.32 and the coefficient of kurtosis is 1.26 for the data in this sample. The distribution might be considered as normal if we bear in mind the Shapiro-Wilks coefficient (p: 0.12>0.05).
"Opinion about Mathematical Proof Scale", which was developed by Lee (1999) and analyzed by Aydoğdu İskenderoğlu et al (2011) The other scale used in this study, namely "Metacognitive Awareness Inventory", was used to determine metacognitive awareness levels of the prospective mathematics teachers. This scale is a 52-item and 5-point Likert type inventory developed by Schraw and Sperling-Dennison (1994) for assessing metacognitive awareness. Akın et al (2007) analyzes the Turkish version of this inventory in terms of relevancy and reliability.
The coefficient of reliability is 0.95. In this study, Cronbach reliability coefficient was calculated as 0.92 for the measurements obtained from the metacognitive awareness inventory. In analysis of the inventory, higher point average is considered as a sign that the prospective mathematics teachers have high levels of cognitive awareness. Before analyzing the collected data, we reviewed skewness and kurtosis values in normality analysis. The coefficient of skewness is -0.32, and the coefficient of kurtosis is 0.00 for the data in this sample.
The distribution of the coefficient data might be considered as normal if we bear in mind the Shapiro-Wilks coefficient (p: 0.84>0.05).
Since all three scales have normal distribution, parametric tests were used for calculating the correlation.
Findings
In this research, the first step was to do a descriptive analysis in order to identify the learning approach levels of the prospective mathematics teachers. The findings of this analysis are as shown in Table 1 . As seen in Table 1 , point averages of the prospective mathematics teachers are at a mediocre level. The point averages scored by the prospective mathematics teachers in the deep approach segment of the learning approaches scale is 26.90 but the point average for the surface approach segment is 26.34. The averages show that the prospective mathematics teachers are not dominant in any aspect of the learning approaches.
The findings about the question regarding the second sub problem about this study, i.e. "What is the level of prospective mathematics teachers' opinions about mathematical proof?", are as shown in Table 2 . Here, the averages of opinion about mathematic proof are between 73.03 and 88.97 and interpreted as averagely positive. As seen in Table 2 , the average of prospective mathematics teachers' opinions about mathematical proof is X = 100.38> 88.97 and this is considered to be at a high and positive level. This finding might be interpreted as prospective mathematics teachers who are confident about making mathematical proof and eager to make proof.
The third sub problem of the study is "What is the level of prospective mathematics teachers' metacognitive awareness?" The results of analysis made to answer this question are as shown in Table 3 . If the metacognitive awareness points earned by the prospective mathematics teachers is less than 136.38, it is considered to be at a low level; points between 136.38 and 175.62 are mediocre level and result over 175.62 are at a high level. As seen in Table 3 , X=196.08 >175.62 and thus it is at a high level (x=196.08). Based on this data, we might conclude that the prospective teachers have high levels of metacognitive awareness about self-learning methods. Finally, Pearson Correlation coefficients were studied to determine if these variables have an interrelation impacting the cognitive characteristics and the results are shown in Table 4 . As seen in Table 4 , there is an average but opposite and meaningful relationship between the learning approaches of the prospective mathematics teachers, metacognitive awareness and their opinions about proof.
Also, there is an average, significant and positive relationship between metacognitive awareness and mathematical proof. In other words, the fact that prospective teachers have positive levels of metacognitive awareness shows that their opinion about mathematical proof is also positive. The relationship with the learning approaches was found to be in opposite direction.
Discussion and Conclusion
The purpose of this research is to study the prospective mathematics teachers' self-learning approaches, metacognitive awareness and opinions about mathematical proof before they start their careers. The results of this study concluded that the learning approaches of the prospective mathematics teachers are at an average level. The high surface approach points suggest that the quality of learning is low and the high deep approach points suggest that the learning is of high quality. It is observed that the point averages of deep and surface approach are very close. The fact that the prospective teachers have predisposition to both approaches at the same level suggests that they have average level of tendency to memorize information and do critical thinking.
These two categories come with different and almost completely opposite aspects. If we bear in mind the purposes of teaching mathematics, the primary goal is to support critical thinking (NCTM, 2000) . Batı et al (2010) argue that the educators are responsible for selecting, designing the learning experiences that will improve the critical thinking skills with proper methods allowing student to embrace a deep approach and for assisting the development of these students. Hence, the prospective teachers must first do studies that will serve the development of their deep thinking approaches in this field and they must develop levels of selflearning approach and this will allow them to help their students in the process of developing learning approaches.
Another conclusion of this study argues that the prospective mathematics teachers have high and positive level of opinions about mathematical proof. In a way similar to the conclusions of this study, concluded that the prospective mathematics teachers have positive opinions about mathematical proof. However, Gökkurt & Soylu (2012) studied the opinions about mathematical proof with the freshmen attending to the department of science and primary school mathematics teaching and concluded that the prospective teachers have low level of opinions about proof and the opinions are not in the desired direction. The different conclusions of this study and the study made by Gökkurt & Soylu (2012) might be because of target populations selected from different grade levels.
This study also concluded that the prospective mathematics teachers have a high level of metacognitive awareness. Likewise, the study of Sezgin-Memnun & Akkaya (2012) concluded that the prospective teachers have high levels of metacognitive awareness. Metacognition cannot bring success by itself but it, as a tool, serves the learning process (Bruning et al, 1995) . Individuals with high levels of metacognitive skills are perfect in planning, handling knowledge, monitoring, eliminating mistakes and making assessments (Schraw & Dennison, 1994) . From these points of view, one might ask whether there is a relationship between the learning approaches, metacognitive awareness of prospective teachers and their opinions about mathematical proof.
Hence, the interrelation between these three variables impacting the mental process was studied. The study concluded that there is a positive and meaningful relationship between the metacognitive awareness of prospective mathematics teachers and their opinions about mathematical proof. The organization of cognition, as expressed by Akın et al (2007) , suggests proof skills because proof skills require reasoning and reasoning requires considering all factors and reaching a rational conclusion, as stated by Umay & Kaf (2005) . Reasoning involves deep thinking and development of arguments. In this case, the positive and average relationship between the metacognitive awareness of prospective teachers and their opinions about making proof is normal and even an expected phenomenon.
There is an opposite directional and significant relationship between the metacognitive awareness of prospective teachers, opinions about mathematical proof and learning approaches. The reason of this opposite directional relationship might be explained with the fact that prospective teachers have learning approach points that are very close to each other in surface and deep-thinking categories. One of these two categories support memorizing and the other represents critical thinking. In this point of view, we might say that points earned in both categories are very similar and this might be an influential factor that leads to opposite directional relationship between metacognitive awareness and opinions about proofs.
In the body of literature, there is no research studying these three variables simultaneously. However, Bakioğlu et al (2005) did a study about the prospective teachers' levels of metacognitive awareness and the impact of their technological stance on their problem solving skills and concluded that there is a positive, average and meaningful relationship between the metacognitive awareness and problem solving skills. If we bear in mind the relationship between problem solving skill and reasoning & proof, we might assume that this supports the positive relationship found in this study between metacognitive awareness and mathematical proof.
This study is expected to bring a new approach to the teaching and training activities to be done for teaching mathematics.
Lack of prospective teachers' ability to make mathematical proof, will affect the frequency of use in their courses. Therefore, it is important to emphasize both in püre mathematics courses and in mathematics There was an inverse relationship between prospective teachers; metacognitive awareness and their views on mathematical proof and learning approaches. Researches can be conducted to investigate the causes of this result.
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Öğrenme Yaklaşımı, Matematiksel Kanıt Yapmaya Yönelik Görüş ve Biliş Ötesi
Farkındalık İlişkisi Problem Durumu ve Araştırmanın Amacı
Bu araştırmanın amacı, göreve başlayacak matematik öğretmen adaylarının eğitim süreci içeresindeki öğrenme yaklaşımlarını, matematiksel kanıt yapmaya yönelik görüşlerini ve biliş ötesi farkındalıklarını saptamak ve bu üç değişken arasındaki ilişkiyi ortaya koymaktır. Bu amaç doğrultusunda aşağıdaki problemlere cevap aranmıştır: 
